Globally, climate change and extreme weather events are occurring more frequently, impacting water resources and farming systems. Therefore, spatio-temporal analysis of long-term rainfall is much needed to understand the variability of rainfall occurrence. The present study attempts to analyse spatio-temporal rainfall change scenarios in the 20th century over Bundelkhand, one of the drought hit regions of India. Analysis shows that major rainfall contributed from 3 months, i.e. July, August and September. However, decreasing rainfall trend during monsoon season and increasing trend during pre-monsoon and post-monsoon season indicates the scenario of shifting rainfall from normal occurrence. This result is supported by decreasing seasonality index (SI) (1.94-1.1). The northern part of the region witnessed positive annual and monsoon rainfall trend but the southern part observed negative trend. Pettitt's test indicates 1983 is the most probable change year with 0.95 probability, after which annual and monsoon rainfall was found decreasing. Wavelet analysis revealed that extreme rainfall occurrence was observed with a periodicity of 2-16 years. However, Bundelkhand rainfall pattern depicts declining rainfall trends, heading towards a further drier phase with more irregular rainfall in the coming era. The study will serve as future reference in similar regions in the world to determine vital weather patterns which may impact farming systems.
INTRODUCTION
The impact of climate change plays a pivotal role for future agricultural planning and crop production in the world, including India (Piao et al. ) . Water resources have decreased in many regions across the world due to global climate change which is more alarming in arid, semi-arid as well as fragile ecological regions. In the climate change scenario, drought and flood are the main two problems faced by Indian agriculture. Climate of a particular region is the driving force for selection of farm enterprises and determining the potential productivity. In particular, moisture regime is one of the most important factors which influences farm management practice and extent of risk involved. Out of 140 million hectares, approximately 68% of the net sown area of India is prone to drought (Gupta et al. ; Alam et al. a, b) .
In India, 103 districts and 16 states out of a total of 688 districts and 29 states are chronically drought prone (Gupta et al. ) . It is also reported that around 33% of the cropped area receives less than 750 mm of rainfall annually which are defined as 'hotspots' of the drought region. One such hotspot which has been in the national as well as international news region (Samra ) , the effect of recurrent drought on this region is palpably devastating.
The impact of climate change is evidently visible in Bundelkhand region in India which experiences at least one severe drought years in every eight years (Alam et al. , ) . The food grain production in the Bundelkhand districts has decreased by 58%, which is very serious for the agriculture-based society and economy. Failure in agriculture has become a cyclical phenomenon ( Jain  Temperature is not the limiting factor in Bundelkhand region for crop growth and development; rather water is the main limiting factor for crop productivity (Alam et al. ) . In this region, rainfall is the primary source of water and warrants the main consideration for crop production, but this is the most variable among all the meteorological parameters. Moreover, droughts are being experienced almost on a regular basis because of abnormal and scanty rainfall. The amount, onset, intensity, duration and spatial variability of rainfall occurrence decides the agricultural management practised in the region. As the soil moisture plays the paramount role, better understanding on seasonal and annual rainfall trends could provide robust technical information for improving land and water management and enhance crop productivity in the face of climate change.
In hydrology as well as in climatological studies trend analysis plays an important role, and has become predominantly imperative in the climate change scenario (Karpouzos et al. ) . Therefore, detailed analysis of spatial and temporal distribution of rainfall patterns on a regional scale will provide prerequisite parameters for judicious planning and preparedness for climate resilient agriculture. In the present study, attempts have been made to analyse rainfall data of the 20th century from 13 districts of Bundelkhand region to evaluate the spatio-temporal rainfall change scenarios over the last centuries. The findings of this study could serve as a baseline reference for future research, watershed management, planning and also enrich the understanding of precipitation features of Bundelkhand region in India as well as for other similar regions in the world.
MATERIALS AND METHODS

Study area
The Bundelkhand region (Figure 1) 
Rainfall data
Monthly rainfall data (mm) of 13 districts of Bundelkhand Various statistical analyses were carried out to analyse and assess the temporal trend in the rainfall time series.
Trend analysis
In the present study Mann-Kendall trend 
Continuous wavelet transform
For a time series, x t , that has a continuous scale but a discrete recording sequence and t ¼ 0,…, t À 1, then the wavelet function (Ψ), which depends on a time variable (η), is generally defined as (Partal & Küçük ) : 
where the asterisk symbol represents the complex conjugate numbers. If the scale (s) and translation (γ) functions are smoothly changed according to time t, a scalogram can be produced from the calculation, revealing the amplitude of a specific scale and how it fluctuates over time (Torrence & Compo ) .
Precipitation concentration index
The precipitation concentration index (PCI) (Oliver ),
an indicator of rainfall concentration (de Luis et al. , ), was calculated on annual scales to evaluate the pattern of rainfall distribution in a year.
where p i is the monthly rainfall for month i . The lowest theoretical value of PCI is 8.3, implying a perfect uniformity in rainfall distribution (i.e. the same amount of rainfall occurs in each month), while a PCI value of 16.7 indicates that the total rainfall is concentrated in half of the period and a PCI value of 25 demonstrates that the total rainfall occurred in one-third of the period (de Luis et al. ).
Seasonality index
Seasonality index (SI) is also used to quantify the degree of variability in monthly rainfall regimes based on the monthly
The SI is calculated as:
where X n is the mean rainfall of month n and R is the mean annual rainfall. Theoretically, the SI can vary from zero 
RESULTS AND DISCUSSION
Spatial rainfall distribution
Results pertaining to spatial rainfall analysis indicate that
Bundelkhand region receives annual rainfall with a range of about 627-1,589 mm with an average value of 1,091 mm rainfall (Table 1) . Out of 13 districts, five districts (Chhatarpur, Damoh, Panna, Sagar and Jalaun) show higher mean annual rainfall with more than 1,100 mm over the last 100 years. However, Sagar district witnessed the highest maximum rainfall of 1,988 mm with 24.25% variation, whereas Datia received the lowest minimum rainfall (401 mm). Figure 2 depicts the spatial distribution of pre-monsoon, monsoon, post-monsoon and winter rainfall over Bundelkhand region. It shows that the pre-monsoon and winter rainfall is higher in the eastern region and decreasing towards the western side. However, the northern side receives more rainfall than the southern side in these seasons. In the case of post-monsoon rainfall, the southern side observed more rainfall than the north.
The monsoon rainfall pattern indicates that the south-east and north-west parts are the least rainfall receivers during the season. In brief, the north-western part which includes Datia, Jhansi and Lalitpur, are the driest areas in the region.
Monthly and seasonal rainfall characteristics
The monthly rainfall distribution pattern indicates that July, August and September receive the higher rainfall of about 100-369 mm, whereas March, April and May witnessed less and inconsistent rainfall ( variation.
Monthly trend
The non-parametric test using Sen's slope estimator was employed to assess the magnitude of trend of rainfall pattern over the study period from 1901 to 2002 (Table 3) ). On the other 
Seasonal and annual trend
The magnitude of seasonal rainfall trend was also analyzed and is graphically presented in Figure 3 to compare the district wise rainfall changes occurring over the period. The rainfall pattern of the monsoon season, which is the most critical period for agriculture, decreased over seven districts in the lower part of the region. Similarly, during the winter season a very small and non-significant increasing trend of rainfall was observed in 11 districts. Overall, the annual and monsoon trends show quite similar changing patterns among the districts, except Lalitpur district. In both cases, the upper part of the Bundelkhand region experienced an increasing trend of rainfall with a maximum of 3% increase, whereas the lower part shows a decreasing trend which indicates that there is an urgent need for contingency planning in those areas. It can be noticed that, in the case of pre-monsoon and post-monsoon rainfall, all the districts have witnessed an increasing trend which suggests that there was a signal of shifting in rainfall patterns as seasonal rainfall during the monsoon was declining while increasing in pre-and post-monsoon season.
Decadal trend
In order to examine the decade wise annual and seasonal rainfall pattern changes, decadal rainfall analysis was carried out (Table 4) . Here, the frequencies of wet year and However, the overall statistics reveal that as a whole, Bundelkhand region experienced more dry years than wet years annually as well as seasonally, except for winter season. Krishnakumar et al. () reported that Kerala 
Change point analysis
Pettitt's test was employed to analyse the probable change year of annual and seasonal rainfall trends in the region. A similar probable change point year was found for annual as well as monsoon rainfall. After 1983, annual and monsoon rainfall shows a significant declining trend over the year at probability levels of 0.90 and 0.95, respectively (Table 5) . On the other hand, pre-and post-monsoon rainfall
show an increasing trend from 1955, but the change point was found non-significant at 95% probability level. District-wise analysis shows that all the districts are in agreement with the change year of around 1983 and experienced the decreasing trend afterwards, except Jalaun district. From Figure 4 , it can also be visualized that, though non-significant, an increasing rainfall trend was observed both for annual and monsoon rainfall from the year 1915 but from the year 1983 rainfall started decreasing.
A non-significant change point of trend has been observed in the case of pre-and post-monsoon. Similar results were during 1910-1970) and thereafter a longer periodicity of 2-32 years was found. However, in recent decades, i.e. after 1985, a stronger periodicity of 2-8 years with significantly higher wavelet power was observed which suggests that the frequency of extreme rainfall occurrence has increased (periodicity of 7-8 years) than before (2-32 years). This increased frequency of extreme rainfall event is more deleterious than the climate change 
Rainfall concentration in monthly rainfall
In order to assess the pattern of rainfall distribution within a year, the PCI was calculated on an annual and seasonal basis and its temporal change pattern is presented in Figure 6 . According to Oliver's () 
SI analysis
Since there was a high variation of rainfall concentration found in the rainfall pattern, hence, a decade wise SI analysis was applied to view the temporal trend in the rainfall concentration ( Figure 7) . In general, a low SI value indicates the better distribution of rainfall between the months whereas a high SI value implies more irregularity in the monthly distribution in a year. The decadal SI values show a mixed and not so prominent trend existing in the study period but, all the decades show a very high SI value (>1) with the maximum in three decades, i.e. 1900-1910, 1921-1930 and 1961-1970 
CONCLUSIONS
It can be concluded that for Bundelkhand region, the monsoon rainfall is the major contributor to the annual rainfall and it has higher consistency over the other seasons. PCI analysis also supports the fact that the annual rainfall amount is unevenly distributed among months, rather it is concentrated in the 2-3 months of the monsoon season in the year. However, in time series, the monsoon as well as annual rainfall trend was found negative while pre-and post-monsoon rainfall was increasing in most of the districts of the studied region, indicating the deviation of the rainfall timing from the normal occurrence. It was also found that 
